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Testsofa partial--spanmodelofa lar~ebomber--typeairplane
wereconductedtoprovidedataontheae~dynemiccharmteristiosof
theailero~tabarrangementandof,thewin~.Theaileron-tab
arrangementincludeda 2CLpePcentconstant-=penentage-ohordaileron
havinga ~&.-percentinternallysealedaerodynsmd.cbalanceanda
oonstent.+herdtab‘ofapproximately2&percen-boftheaveqe aileron
chordoverthespanofthetab.‘Teatsweremadetodeteminethe
rolling+noment,yawing+mnent,qndhinge-maumntcharacteristicsof
theaileronandtabandtheeffeutofnidcherdwi~flslotson the

t- characteristlosofthewingandaileronandtab._. _________ _.

Themidchordwingslotslo~ated aheadof$heaileronimproved
. themaximumliftandstallingchazacteris-tics,increasedtherolling

effectivenessathighsn@csofattack,butimpairedtheaileron
effectivenessandhingeamm”entcharacterl~ticsatlowanglesofattick.

Astheangleofattackwasincreased,theeffecttvenessofthe
“ internalbalancewasreducedandtheaile~nhinge%ozuentcoefficients
beoamemcx%nqjativeandproduceda largqupfloatingtendencyof’the
ailerons.

Atsmallpositiveailerondeflections,thetabwasstalledat
negativetabdeflectionsinexcessof10°atlowanglesofattackand
atnegativetabdeflectionsinexcessofYJOathf,ghanglesofattwk.

LeakagearOt~dwe tabhin~ecauseda decreaseintheeffective-
ness.ofthetabatlowangledofattack,buthadlittleeffectat
highanglesofattack.
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INTRODUCTION

Theproblemofprovidingeatisfaotorya~rplanecontrolforoes
becomesinoreasin@#difmcultasthesizeandspeed,ofairplanes
increase.Themaximumallowablecontrolforoeisfixed.withinthe
oa.pabilitie~o~thepilot,whereasthecontrolhingemoment~,whloh
mustbeovercomebypiloteffort,imreaseasthesquareofthespeed.
endastheoubeoftheai@.anelineardimension.Thus,asthe
airplaneino&easeeinsize,anin,oreasinglygreaterpercentageofthe
oontrolhingemomentsmustbebahnoedinordertomaintainthe
controltomeswithinthecapabilitiesofthepilot.CLxeJybalanoed
controls,however,hqvea disadvantageinthatoverbalancemayresult
fromvariationsinsurl%oeconditionsorconstructionirregularities.
Thespring-tabtypeofcontrolBystemisoneinwhlchtheamountof
balancingaotioncontributedbythespringtabisdependent-uponthe
foroeexertedbythepilot.Thissystemhastheadvantagethatthe
oontrolcannotheoverbalanced,asa resultofthebalanoingaction
ofthetab.Tl&sbycombiningthespringtabwitha formofaero-
dynamicbalanoea oloselybalancedcontrolmu beobtainedwithout
thedangerofove??balanoe.

Muohdatahavebeenpublishedconcerningtheeffectoftabson
theoharacterlstiasofthewing andaileron.Comparativelylittle
data,however,areavailableconoerningtabhinge+acmmntcharac-
terimtios,whiohareimportantinsprin@abcqtro:, systems.

Theresultsare.presentedhereinoi’aninvestigation~fa sTring-
&b-typelateralcontrolsystemfor”a largebomhe~~e airplane
oonductedintheIangleyQ-footpressuretunnel.Thetestswere
madeto detemuinetherolling+oment$yawi~=manent,andhinge-moment
characttertsticsoftheaile~onandtabandtheeffectofmidchotiwing
slotsonthecharaoteristiosofthewingandailezymandtab.Also
Includedwereteste.todetexminetheeffect-ofleakagearoundthetab
hingeontheoharaoterj.stiesoftheaileron.

CmEmam ANDSYMBOIS

Themeasuredaerodynm.wlaforoesand.’ruomentswerereducedto
Standard nondimensionalcoefficientsandcorrected,sothatall
coefficientspresented,hereinapplytothecompletewing,The
pitohing+mment,rolling+mnent,endyawing=momentcoefficients
applytoa oente~f-gravitylooation25peroentof’and~ pezzent
beluwthemeanaerodynamicchoniintheplaneofsymmetzy.

.
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. ThecoefficientsandsymbolsUse&aredefinedasfollows:

ltftcoeffiotfnxt(L@ )

dragcoefficient(rJ/qs) *.,

(M/qSa’)pi.tching-mcnnentcoefficient
. .

rolli~-momentcoefficient

yawing+mmentcoefficient
.

(L’/@b)

(N/qSb) < .
;. )aileronhinge-momentcoeffloi’$nt(~/qba~a2,

positivewhentendingto~rod.uc;amorep“osttive
ailerondeflection

..

tabhir@-amment”’coefficien%(~/qbt6t2),
positivewhententingto&duoe a morepositive
tabdeflection .’ . .

‘ht

L lift

D drag

M pltchingmmuent

L! rollingmoment

yawingmctuentN

Ha aileronhirqer&ment

tab,hingemoment .

dynsinicpressure(?@
b wingspan

s
Ct ,

wingarea

meanaerodynamicchord

wing chord

aileronchord

a“
.

produato,faileronroot-meansquarechordsqu&r&iE&I
aileronspan.. .
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productoftabroot+ean-squarechordsquaredandtabspan

airspeed

velocityofsound

massdensityofair

viscosityofair

angleofattaukofroot-ahord,degrees

flapdeflection,degrees

aflerondeflection,degrees,poeitivewhentrailingedge
ismoveddown

tabdefleoti.on,degrees,positfvewhentrailtngedgeis
moveddown

Reynoldsnumber (pvc‘/v)

Machnumber (V/a)

AE!MRAmANDTIE!rs

ModelandInstallation

Themodelsimulatestheoutboard94.6percentoftheleftwing
oftheairplane.Thearrangementofthemodelwithrespecttothe
tunnelandtheprincipaldtmensloneofthemodelareshownin
figures1 to3.

A small gap(0.Og~0.03in.)wasmaintained.constant between
the wing andreflectionplanebyamautomatioteleeoopingsection
intherootendofthemodel.Theautomatiomechanismwainoperative
forsomeo~thetestsformaximumliftandaileronoharacteristic~,
duringwhichthegapvariedfrom 0.09toapproximately0.25inoh.
Itisnotbelievedthatthisincreaseinthegapproducedany
appreciableeffeotonthecharaoteri.stiesofthewingandaileron.
Theaerdynemioforcesandmcaentmofthewingmodelweremeasured
bymeansofa six-componentsimultaneouslyreoord.ingbalanoesystem.
Thehingemomentsoftheaileronandtabweremeasuredbymeansof
cantileve~beam+peelectricetraingauges.



w~.- Thewingmodelwasnota truesemispanbutrepresented
thatpartofthewingoutboardoT.thewing-fuselageSuncture.The
aspeotandtaperz=tiosforthemhplanewin=are11.Q9andO.25S
respectively,whereasthesemispanmodelmountedinconjunotionwith
thereflectionplanesimulateda wingofaspeotratio10.8~and -
taperratio 0.25.Thequarten-chordlineofthewingwasswept
back12.15°.TheairfoilseotiozwweretheNACA63(h20)-h22atthe
root,andatthetiptheNACA63(420)-517.ThewinGmodelhad
2°dihedraland‘2@aerodynamicwaahout.

Aileronandta~.-T@aileronwasa 2@je~entconstant-
perceritage-ohordaileronhavinga “54-peroentinternallysealed
aerodynamicbalance.Thehingelinewaslocatedneartheupper
surfaoeoftheaileronasshownIntigureh. The‘aileronextended
fromtheoutboardnacelletotkewingtip,approximatelyhOpertent
ofthecompletewingsemispan.Thelower-surfacetrailing-edgecusp,
nozmallypresentintheoontour ofNACA6-seriesairfoi1 seotionsof
thetypeemployedforthe presenttests,wasremovedbyfairinga
straightline betweenthe~&peroent-ohordstationandthetrailing
edge.Theailerontabisehowninfigures3 andk. Thetabhada
oonetantohordlengthorapproxinate~26pementoftheaverage
aileronchordoverthespanofthetab.

wingslots .- Theprinoipaldimensions~d ge_-tryofthomid-
ohordwingslotsaheadofW-eaileroneweshowninfigure5. The
slotsarenormallyclosedwithflapsretractedandopenwithflaps
deflected.

WiI-@ flaps .- Themodelwasequippedwithtwot~es ofpartial-
spanwingflaps,singleslottedanddoubleslotted,as6h&nin
figures6 and7. Theflapsextendedfrcmtheinboardendofthe
model(thewing-fuselagejunoture)totheoutboardnacelle.The
flapsconsistedofthreese~nts separated%y theinboard@ center
nacelles.

. .

TestConditions ,,

Thedynemicpressureforthetestswasapproximately105pounds
persquarefoot,whichcorrespondstoa Reyriomnmborofappmxi-
matel.y8,900,000anda Maohnumberofapproximately0.18.The
densityoftheatmospherewasmaintained.atapp.rox@ate~0.0050slug
perCulligfoot.Theangleof“attikvariedfz?cm~}”throughmaximum
lift;therangeofdefleotionsforthe”aileuonandtab,were-24°
to17°and-20°to29°,respeativdy.
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correctionsANDAmJRhm

Theoorreutionstothemeasuredvaluesof’theaerodynamic
dmraoteristd.osweredetemnined
themagnitudeoftheindividual

‘?0”
a=

cm=

cl =

en c

The absolute

cD~-oorrected

%ncorreoted

C%noozmcted

bythemethodsofreferenoe 1 and
correctionsareasfolWws:

+ O.O@CL2

+ o.926cL

+ ().0344CL

0.814
(
cl

)
- %+=3uncoxroctod

c%naormcted- %%m - 0.041cozc~

valuesoflift,drag,andpitching+mnnentcoeffi-
oientadenotoorrect hasmuoh~ no;orrect~onswe~eappliedforthe
tareandinterferenceeffectsofth supyor++trutsystem.Inore-
menta.1valuesofallooeffioientsareoonsideredtobeoorreot as
wellastheabsolutevaluesofrolMn&mcment,yawing+mnont}and
hinge+mxnentcoefficients● The acouracyofthetestda+apresented
hereinwasbelievedtobeasfollows:

2C~. . . . . . . . . . . . . . . . . . . . . . . . . . . ...30.01
&D . . ..”. . . . ..Q. . . . . . . . . . . . . . . . ..30.0002
&*~e”**~**=*”.”.**”** “*-***”*””~.~3
Cz . . . . . . . . . . . . . . . . . . . . . . . . . . . ..300001
Cn . . . .. .. .. . . .. .. .. .. .. . . .. .. . @•0009
c~o ● ,. ● O . ● ** . , ,.. . .. ., . ● . ● .. .. , io.oo3
cht.. ,. s. . . . . . . s. . . . . . . . . . . . . . . . ~0.003

ct~de$ree. . . . . . . . . . . . . . . . . . . . . . . . . . . io.1
6a3ctegree . . . . . . , . . . . . . . . . . . , . , . . . . 20.15
8t,degree. . . . . . . . . . . . . . . . . . . . i. . . . . %.5

.
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Aerodynamic”andStalling:“&&teristlcsoftheWing

.,
. .

Flapandsloteffactiveness---Theeffeatofvariousconfi.gur-
tionsOrslots and fl.a ps are pi’eS012te~ infigure8. Therewere no
abnormaleffectsproducedontheaerodynemhaharacteristiosasa
resultofdeflectingeithersingleslottedordoubleslottedflaps.

Theeffeatofopeningtheslotswasasfollows:Atlarge
anglesofattacktheliftIaoefficientwasinGreased,thedmg
coefficientwasdecreasedfora givenliftcoefficient,andtheslope
ofthepitahing+mneni+ooefficientourvebecememorenegative.At
smallanglesofattaoktheeffeotswerereversed;theliftooeffi-
oientwasreduced,thedra~coefficientfora givenliftooeffi,cient
wasinoreased,and,theslopeofthepitching+mxnent-coefficientcurve
beoatnelessnegative.

Sta.uu’lgcharaoteristios.-In all oonfifguratlonswithslots
open(fig.9)theger~ralprogressionofthestallwasfromthe
outboardnacelletowardtheroot;however,scmmregionsoftheaileron
remainedstalZchthroughmostoftheamgle-of-attaakrange.With
slotsolosedthestallenvelopedtheaileronbeforemaxirmmliftwas
reaohedandpro~essedinboardforallflapconfigurations.With
singleslottedflapsdeflected~+0°therootremainedunetalleduntil
ve~ highanglesofattack.Openingtheslotsoausedrough and
stalled flow over theaileronatlowanglesofattaok;however,at
highanglesofattaokthe flowovertheaileronwasconsiderably
improvedoverthatwithslotsolosed.Theslotswereeffectivein
preventinga oampletestallovertheaileronsathighanglesofattaok.

AerodynamicCharacteristicsoftheAileronandTab

Athighanglesofattaaktheaileromhada largetendencyto
floatupwardasshowninfigure8. Inanattempttooorreotthis
upfloatingtendencyvariouslowe.~urfaoemoditioationsweremadeto
theaileronandtab.Themodificationsconsistedofa bevelalong
thelowersurface oftheailerontrailingedgeandbulbonthelower
surfaceofthetab.Ina spring-tabaileronsystemanyupfloating
tendencywouldoaueetheaileronstodeflectupwardunlessthe “-
aileronswereinterconnectedorsufficientpreloadofthespring
unitswasprovided.Byuseofthelowersurfaoemodificationsthe
~O@Sontheinterconnectinglink(aile~~inte~onn~cted)~@t
beeffectivelyreducedortheamountofspringpl?eloadrequiredoould
begreatlydecreasedwhentheaileronswerenotinterconnected.
Althoughthemodificationscauseda reau~ttonintheupfloating
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tendenoyathighanglesofattaokthelowermzrlacebevelproduoed
a largeinoreaseinthedownfloatingtendenoyatlowanglesofattaak
andoausedtheaileronstobeseverelyoverbalanced;andthelower
surface.bulboaused very erratio aileronhinge-mcmentoharaateixistioe
whenthetabwasdefleoted.Because-oftheseunsatisfactoryoharao-
teristicsthelowersurfaoemodificationsdidnotyrovidea praotical
meansofcorrectingtheupfloathgtendencyoftheaileronsendthere-
forethedataarenotpresented.

.

Ailaroncharacteristio~.-’Theoharaoteristiosoftheaileronfor
variousanglesofattackandf’lapandslotconft~ationsarepmsentid
infigures10to12. Withflapsneutralanddefleoted,theaileron
wasslightlyoverbalancedatlowangleaofattaok.Astheangleof
attaokinoreasedtheeffectivenessoftheinternalbahnoewasreduced
endtheaileronhinge-+mmentcoefficientsbeoememorenegativeand
produoeda largeupfloatingtendemoyoftheailerons,

Theeffeotofdeflectingthesingleslottedi’layeistoinorease
thenegativeaileronhinge-mcmentooeffioientsathighanglesof
attiaok,thegeneraloharaoteristicsortheuurvesremaini~’unohangcxl.
Thee~feotoftheflapeonthetabhinge-momentooeftioientsis
stmilartothatontheaileronhinge-momentooe~~lcients.Withflaps
deflected,theailaronsproduoeddightlymial.leradverseyawing-
momentcoefficients,anincreaseintherolling-amxientcoefficients
atnegativedeflections,enda deoreaseatpositi~edeflections.

.

Theef~ectofopeningtheslotwastoimpairthehinge-moment-
oharacteristiosatlowanglesofattackandtoreduoethenegative
aileronhinge-momentcoefficientsata givenangleofattaok.The
tabhinge-mcmentcharacteristicsareaffeotedina similarmanner.
Theyawing+mxuentooej?ficietitsbees.memorffadvezw6andtherolling
effectivenesswasinoreasedathighanglesofattaokbutreducedat
lowangles.Theseundesirableeffectsatlowanglesofattaokare
theresultofstalledflowovertheaileronoaused”byopeningthe
slot(fig,9).

There wasno appreolablechangeinthechamateri&.icsofthe
aileronasa resultofthedefl~otionof’doubleslottedratherthan
singleslottedflaps.

.&bcharacteristics.-’Theoharaoteristicsofthetabayegiven
infigure13withflapsneutral,andinHguzm15withflapsdefleoted
andslotsopen.Inbothflapconfigurationstheeffectivenessofthe
tabwasslightlygreaterforsmallnegativedeflectionsthanatany
pointintherangeoftabdefleoticms.Atsmallpositiveaileron
deflectionsthetabwasstalledatnegativedefkmtionsinexcessof
10°atlowanglesofattaokandatnegativetabdefleotfonsInexce~s
of15°athighangle8Of a%%~~e
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Althoughthetabwaseft%otiveinreduoingtheaileronhinge-
nlcmentcoefficients,a 10s5resultetl inWe effectivenessofthe
aileron.Thereductioninaileroneffectivenessduetodeflection
ofthetabvarieddirectlyineveryinstancewiththeabilityof
thetabtoreducetheaileronhlngeacxmntomeffioients.

Theeffeotofsealingthetab”~sshownbya ccmparifionof
figures13end14(flapsneu-!xi’al)and15and16(flapsde:locfied).
Inbothflapconfigurations‘&etabsealproduced.anincreaseinthe
effectivenessof thetabatlowanglesofattaok,partimlarlyatthe
highailerondeflections.Athighanglesofattaoktheeffectof
thetabsealwasgreatlyreducedalthoughthesealedtabremained
moreeffeotivethantheunsealed.‘cab.

As withthetabunsealed,tilereductioninellerone~ediveness
duetodeflectionoftiletabva~ieddireo”tlyineveryinstancewlti
theabili@ofthetabtoreducetheaileronhihgemcaentooeffioients.
Nouhangeintheyawin&zmmentoceffici.entszesul’ted from sealing
thetab.

s~’u OF~

Thesignificantresultsofthetestsofthe
modelmaybeswmarizedasfollows:

1.Midchoydwingslotslocatedaheadof.the

partiei!.-spanwing

aileronimproved
themeximmkLftand-stallingcharacteristics,inoreased%h&rolling
effectivenessatM@ anglesofa,ttaok,butimpaired.theailercm
effectivenessandhinge-momentcharaoteristiosatlowangle~ofattack.

2.Theeffectivenessoftheinternalbalancewaareducedasthe
angleofattackwasincreasedandtheaileronhinge+mmentcoeffi-
cientsbeoememorene~ativeandproduceda largeupf2.oati~tendency
oftheailerons.

3.Atsmallpositiveailerandeflections,thetabwas”stalled
atnegativetabdeflectionsInexoessor10°atlowamglesofattack
andatnegat$vetabdefl~tio~inexoessofl.~”athighan@esof
attaok.
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4.Imkaaearoundthetabhingecauseda decreaseinthe
effectivenessofthetabatlowamglesofattackbut hadlittle
effectatMgh anglesofattaok. .

~l.ey MmotialAemmutioqlLaboratory
NationalAdvisoxyCcmrdtteeforAeronautics

LangleyField,Vs.,June19,1947

. ,.

I?EFERENCE

3.Sf.veils,JemesC.,andDeters,OwenJ.: Jet-BoundaryandP*
FormCorrectionsforPartial-@anModelswithReflectionPlane,
EndPlate,orNoEndPlateina ClosedCiroularllindTunnel.
NACATNNo.1077,1.946.
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(a) Frontview.

Figure1.-Thereflection-planeandpartial-spanwingmodelmountedintheLangley19-foot
pressuretunnel.. .
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(b)Rear view.

Figure1.-Concluded.
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Figure2.-Arrsngem&tofthepartial-spsawtigmodelandreflectionplaneintheLsngley19-foot
pressuretunnel.(Alldimensionstainches.)
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. aileronchordexceptasnoted.)
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Figure 6.- Inboard single-slotted -flap positions at a typical section of the partial-span wing model.
(All dimensions in inches. )
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Figure7.-Inboarddouble-slotted-flappositionsatatypicalsectionofthepartial-spanwingmodel.
(Alldimensions in inches.)
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Figure8.-Aerodynamiccharacteristicsofthepartial-spanwingmodelwithvariousarrangementsof
theflapsandslot.R x 8,930,000;M X 0.18. ww
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Figure 10. - Characteristics of the aileron with single slotted flaps for
various angles of attack. Tabs neutral; slots closed; R X 8,BIO,000;.
M % 0.18. N
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(b)as= 20°.
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Figure11.- Characteristics of the aileron with single slotted flaps for
various angles of attack. Tabs neutral; slots opem, R z 8,WI ,000;
M :0.18.
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Figure 11.- Concluded.
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Figure 12.- Characteristics of the aileron amdtab for various
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(a) a = 3.5°. (b) u = 8,9°.

Figure 13. - “Char~teristics of the aileron for various deflections of the tab. Flaps neutral; slots
CIOSd; R x 8,K)0,000;M x 0.18. 2I
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Figure14. - Characteristicsoftheaileronforvariousdeflectionsofthetab.Flapsneutral;tabsealed;
SIOtScIoSd; R S 8,W0,000; . M X 0,18. N
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(c) u = 13.1°.

Figuxe 14. -

Ailomn dofhafloo, 80 ,dw

(d)~ = l&3°.

Conclud4.
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(a) a = 4.1°. (b) u = 8.4°.

Figure 15.- Characteristics of the aileron for variousdeflectionsof the tab. Flapsdeflected40°;
slots open; R z 8,900,000; M :0,18.
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(c)a = 11.7°.
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(d)u = 14.9°.
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Ailwan dofbotion, 86 ,deg Ahmn datktlm, 8a ,dw

(a)a = 4.1°. (b)u = 8.4°.

F@re 16.- Characteristicsoftheaileronforvariousdeflectionsofthetab.Flapsdeflected40°;
slotsopen;R x 8,%)0,000;M x 0.18. um
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(c) as 11.7°. (d)u = 14.9°.

Figure 16.-Concluded.
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